We analyze the dynamics of Bose polarons in the vicinity of a Feshbach resonance between the impurity and host atoms. We compute the radio-frequency absorption spectra for the case when the initial state of the impurity is non-interacting and the final state is strongly interacting. We compare results of different theoretical approaches including a single excitation expansion, a self-consistent T-matrix method, and a time-dependent coherent state approach. Our analysis reveals sharp spectral features arising from metastable states with several Bogoliubov excitations bound to the impurity atom. This surprising result of the interplay of many-body and few-body Efimov type bound state physics can only be obtained by going beyond the commonly used Fröhlich model and including quasiparticle scattering processes. Close to the resonance we find that strong fluctuations lead to a broad, incoherent absorption spectrum where no quasi-particle peak can be assigned.
Introduction. -Understanding the role of few-body correlations in many-body systems is a challenging problem that arises in many areas of physics. Few particle systems in isolation can be studied using powerful techniques of scattering theory such as Faddeev equations, the hyperspherical formalism, or effective field theory [1] [2] [3] [4] [5] . These approaches have been successfully applied to investigate collisions of neutrons and protons [6, 7] and Efimov resonances in ultracold atoms [8, 9] . On the other hand the common approach to interacting many-body systems is to use the mean-field approximation, which reduces a many-body problem to an effective single particle Hamiltonian with self-consistently determined fields. While this approach provides a good description of many fundamental states, including magnetic, superconducting, and superfluid phases [10] , in many cases it is important to go beyond the mean-field paradigm and include correlations at a few particle level. Recent notable examples include 4e pairing in high Tc superconductors [11] , spin nematic states [12] , chains and clusters of molecules in ultracold atoms [13] [14] [15] [16] , and the QCD phase diagram in high-energy physics [17, 18] . A particularly important class of problems where few-body correlations play a crucial role is the formation of quasiparticles and polarons. The key feature of both is the dramatic change in the particle dynamics due to the interaction with collective excitations of the many-body system. Famous examples include lattice polarons in semiconductors [19, 20] , magnetic polarons in strongly correlated electron systems [21] [22] [23] , and 3 He atoms in superfluid 4 He [24] .
Recent experiments with ultracold atoms opened a new chapter in the study of polaronic physics . These systems have tunable interactions between impurity and host atoms [55] and powerful experimental techniques for characterizing many-body states including spectroscopy [27, [30] [31] [32] , Ramsey interferometry [36] , time of flight experiments [37] , and in-situ measurements with single atom resolution [35, 56] .
In this paper we explore the dynamics of Bose polarons in the specific setting of radio-frequency (RF) spectroscopy of impurity atoms immersed in a Bose-Einstein condensate (BEC). The most surprising finding of our study is the ap- 1/(a IB n 1/3 ) Figure 1 . Absorption spectra A(ω) of a single impurity immersed in a weakly interacting BEC as a function of the inverse interaction strength 1/(n 1/3 a IB ). The polaron energy (4) is shown as green line and the energies, cf. Eq. (7), of bound states with one, two, and three quasiparticles attached to the polaron are shown as red dashed lines. In the regime of weak repulsion the energy of the first bound state is approaching the dimer binding energy (gray dash-dotted line). The spectrum is shown for a finite microscopic interaction range corresponding to a momentum cutoff Λn −1/3 = 20 and boson-boson scattering length a BB n −1/3 = 0.05.
pearance of sharp spectral lines arising from states of several Bogoliubov quasiparticles bound to the impurity atom (see Fig. 1 ). This can be contrasted to earlier theoretical studies that predicted only a single molecular state in addition to attractive and repulsive polarons [57, 58] . Our result demonstrates the importance of the interplay of manybody physics of the BEC of host atoms and few particle Efimov-type physics in the vicinity of a Feshbach resonance [59, 60] . This interplay can not be studied in the commonly used Fröhlich model of BEC polarons because the latter does not include two particle scattering processes that results in the Feshbach resonance. Our work also demonstrates that a broad spectral feature at unitarity can be understood as a superpolaronic state discussed previously in Rydberg systems [61, 62] .
Model. -We consider an impurity of mass m I interacting with a weakly interacting BEC of atoms of mass m B in the vicinity of an inter-species Feshbach resonance. Within the Bogoliubov approximation the system is described by the Hamiltonian (a derivation is provided in the Supplementary material (SM)) [57] ,
Here the operators b † k (b k ) create (annihilate) Bogoliubov quasiparticles ('phonons') with momentum k and dispersion ω k . The bare inter-species interaction is given by g Λ . Fur-
±1 define the interaction vertices where ε k = k 2 /2m B is the dispersion relation of bare host atoms; n is the condensate density, and L d the system's volume. The last two lines in Eq.
(1) describe the interaction of the impurity at positionR and momentumP with the host bosons. In the Fröhlich model only the interaction term linear in the bosonic operators is present and it describes the creation of excitations directly from the BEC. However, a microscopic derivation reveals that in cold atomic systems also the additional quadratic terms, included in Eq. (1), are present which lead to rich physics beyond the Fröhlich paradigm [57] .
The extended Hamiltonian (1) allows for a proper regularization of the contact interaction between the impurity and bosons which is beyond the Fröhlich model. From the solution of the two-body scattering problem of Eq. (1) follows the relation of the microscopic interaction strength g Λ to the impurity-boson scattering length a IB by the LippmannSchwinger equation
Here µ red = m I m B /(m I +m B ) is the reduced mass and Λ ∼ 1/r 0 denotes an ultraviolet (UV) cutoff scale related to a finite range r 0 of the interaction potential. In the limit Λ → ∞ contact interactions are recovered. We note that all our numerical results are obtained for the mass-balanced case m I = m B .
We describe the impurity-bath system in the frame comoving with the polaronic quasiparticle [63] . This is achieved using a canonical transformationĤ =Ŝ −1ĤŜ withŜ = e iRP B whereP B = k kb † kb k is the total momentum operator of the bosons. After the transformation sectors with different total system momentum P are decoupled in the HamiltonianĤ. The bosons now interact with each other since the impurity kinetic energy transforms according toP 2 /2M → (P−P B ) 2 /2M [54, 64, 65] , for details see SM. 
For the negative scattering length, panel (a), the absorption spectrum reveals the attractive polaron which follows closely the polaron energy (4). At unitarity, panel (b), the spectrum shows a broad spectral feature and no quasi particle peak can be assigned. As the Feshbach resonance is crossed towards positive scattering lengths, panel (c), a series of bound states emerges. For small positive scattering length, panel (d), the binding energy of the negative frequency peak increases while at positive frequencies a long-lived repulsive polaron becomes the dominant excitation. As for Fig. 1 we artificially broadened the spectrum to make sharp features visible.
Quantum quench dynamics. -In this work we predict the excitation spectrum of Eq. (1) . In experiments the spectrum can be explored using RF spectroscopy where the impurity is initially in a spin-state |↓ in which it does not interact with the bath. Then the response is measured with respect to a weak monochromatic perturbation e iωt |↑ ↓| + h.c. flipping the spin to a state |↑ which does interact with the bosons with a strength determined by the dimensionless interacting parameter 1/(n −1/3 a IB ). Using Fermi's golden rule we calculate the absorption spectrum -i.e. the impurity spectral function -in linear response A(ω) = 2 Re ∞ 0 dte iωt S (t), where
is a time-dependent overlap. Here |Ψ(0) denotes the initial state of the system and the overlap S (t) describes the dynamics of the system after a quench of the interactions between impurity and the bath. In real-time the overlap S (t) can be measured using Ramsey interferometry [66, 67] .
In order to predict the real-time evolution as well as the ex-citation spectrum of the system, we invoke the time-dependent variational principle [68] . The approach relies on a projection of the many-body wave function onto a submanifold of the full Hilbert space spanned by a set of trial wave functions. Specifically, we employ a variational state in the form of a product of coherent states [64] 
where β k (t) are the coherent amplitudes, φ(t) is a global phase which ensures energy conservation, and |0 denotes the vacuum of Bogoliubov quasiparticles. The ansatz (3) provides an exact solution when describing the sudden immersion of an impurity of infinite mass into a gas of non-interacting bosons.
As such the choice of the wave function is based on an exact limit of the model which is valid for arbitrary interaction strength between the impurity and Bose gas. Before turning to the dynamics, we consider the parameters in Eq. (3) as time-independent variables and study the variational energy Ψ coh |Ĥ |Ψ coh of the system. Its variation yields the polaron energy which for zero total momentum, P = 0, reads [65] 
where a
) defines the shift of the scattering resonance due to the many-body environment. We note that the expression (4) correctly accounts for the regularization of the short-range interaction as given by Eq. (2) and, accordingly, contains only experimentally accessible parameters. The attractive and repulsive polaron branches described by Eq. (4) are shown in Fig. 1 and play an important role in the dynamics as we describe below.
For the time-dependent problem we promote the variational parameters β k (t) and φ(t) to time dependent quantities. The equation of motions 
where
is the total momentum of the phonons. In Eq. (5) g Λ is defined by the Lippman-Schwinger equation (2) with given scattering length a IB and a finite UV cutoff Λ. This ensures a time-evolution which is fully regularized and free of any divergencies.
Absorption spectra.-In the class of coherent states, Eq. (3), the dynamical overlap becomes
From its Fourier transform we obtain the rf absorption spectrum, shown in Fig. 1 , as function of the inverse interaction strength 1/(n 1/3 a IB ).
The spectrum exhibits two main excitation branches: the attractive polaron for a IB < 0 and the repulsive polaron for a IB > 0. Both follow the energy Eq. (4) (indicated as green lines in Fig. 1 ), and in the weak coupling regime both are well described by a Fröhlich polaron model with renormalized interaction parameters [57] .
The attractive polaron is formed when the impurity is dressed by bosonic excitations due to the weak attractive interactions with the bath for a IB < 0. The corresponding spectral signature, shown in Fig. 2(a) for 1/(n 1/3 a IB ) = −2, is a sharp quasiparticle peak at negative frequencies given by Eq. (4).
As the Feshbach resonance at 1/(n 1/3 a IB ) = 0 is approached the attractive polaron peak looses spectral weight to the scattering continuum at higher frequencies. Close to unitarity, no particular eigenstate ofĤ yields a distinct contribution to the dynamical overlap S (t), and many overlaps between the eigenstates of the many-body Hamiltonian and the noninteracting state of the system are of the same order. Hence the spectrum becomes broad and no coherent quasiparticle excitation is possible any longer. In consequence, perturbative approaches based on expansions around the non-interacting state become particularly unreliable in this strong coupling regime.
For positive scattering length, i.e. 1/(n 1/3 a IB ) > 0, the effective interaction between the mobile impurity and the bosons is repulsive and leads to the formation of a repulsive polaron. This state manifests itself as a quasiparticle peak at positive frequency. As can be seen in Fig. 1 , the energy of the repulsive polaron increases as the shifted resonance at a IB = a 0 is approached, and it follows the saddle point prediction Eq. (4). Similar to the attractive polaron, close to resonance, the repulsive polaron quickly looses quasiparticle weight.
However, the spectral weight is transferred not only to incoherent excitations but also to coherent spectral features which appear below the repulsive polaron branch. In Fig. 1 and Fig. 2 (c) those features are visible as a series of equidistant peaks. Such excitations -corresponding to multiple bosons bound to the impurity -are absent in the Fröhlich model since they are a consequence of strong pairing correlations which originate from the quadratic interaction terms in Eq. (1). As unitarity is approached, the spacing between these bound state peaks decreases until they eventually cannot be resolved. We note that such a crossover in the spectral profile from discrete bound state levels to a broad distribution is reminiscent of the formation of superpolarons which has been studied in Rydberg molecular systems [61, 62] .
Many-body bound states. -The emergence of the series of bound states on the repulsive side of the resonance (1/a IB > 0) is a novel feature of impurities immersed in atomic BECs. Each peak corresponds to a single, two, and more Bogoliubov quasiparticles bound to the repulsive polaron.
The structure of the bound state spectrum can be understood analytically. We consider a wave-function which accounts for a single Bogoliubov excitation above the polaron state Ψ pol [54] 
The ansatz Eq. (6) can be regarded as a molecular wave function which fully accounts for two-body bound state physics on top of the repulsive polaron state Ψ pol . A calculation shows that the equations of motion of this state have an eigenmode γ k (t) ∼ e −iωt with eigenfrequency ω determined by the solution of the equation (a derivation is given in the SM [65] )
where Fig. 1 we show the energy ω as a dashed red lines. The lines occur in integer multiples of ω as the bound state can be occupied by several phonons at the same times, an effect taken into account by the exponentiated creation operators in Eq. (3).
For a further understanding of these states we first consider the limit of the BEC density going to zero, ie. n → 0, Ψ pol → |0 , W k → 1 and Ω k → k 2 /2µ red . This limit defines the two-body problem where, for zero-range interactions, the bound state energy
, which is fully recovered by Eq. (6). For any finite density of noninteracting bosons, and assuming an infinitely heavy impurity, this bound state can be occupied by arbitrarily many bosons, and each bound atom contributes an energy B . In an interacting Bose gas, the infinitely massive impurity scatters with Bogoliubov quasiparticles instead of bare bosons. As a consequence the binding energy B is modified. Since in the Bogoliubov model quasiparticles do not interact with each other they can still occupy the bound state multiple times which leads to the series of spectral lines visible in Fig. 2(c) .
The emergence of the sequence of many-body bound states revealed in our approach is related to the Efimov effect [8, 9, 69] . Indeed, an exact solution of the corresponding three-body problem reveals that, as the infinite mass condition is relaxed, recoil leads to the splitting of three-, four-, etc. body bound states into an infinite series of bound states situated in a regime exponentially close to the Feshbach resonance [70, 71] . Within our approach this splitting is absent since the effective interactions between phonons vanishes for the class of coherent states Eq. (3). In consequence, in the limit of vanishing density, we effectively recover the Efimov physics of an infinitely mass-imbalanced system, as discussed by Efimov in his seminal work [70, 72] .
Comparison to other approaches.-As can be seen from the previous analysis, a simple ansatz such as Eq. (6) can already account for aspects of complex many-body bound state physics. Indeed, the ansatz (6) is related to a variational wave function which is based to an expansion in terms of single particle excitations. In the context of cold atoms, it was first introduced in the work by Chevy for fermionic systems [73] , and later generalized to bosonic systems [51, 54, 57, 58] . To connect our results to previous work we present here an extension of the equilibrium approach to real-time dynamics by studying the time-dependent variational wave function
This wave-function accounts for a single phonon excitation on top of the unperturbed BEC state. We calculate the excitation spectrum of the system from the dynamical overlap S (t) = α 0 (t) as obtained from the equation of motions of the variational parameters. This ansatz is naturally connected to the coherent state approach as an expansion in low occupation numbers, which justifies the validity of Eq. (8) in the limit of low densities. While in the weak coupling regime the simple ansatz (8) reproduces the predictions using the coherent state approach, it fails to describe the intricate many-body physics in regimes where multiple boson excitations become relevant (for a comparison see the SM [65] ). The difference between the coherent states approach (3) and the single-excitation expansion (8) can be highlighted when the time evolution of the number of phonon excitations N ph = kb † kb k is compared, where . . . denotes the expectation value with respect to the chosen variational state. In Fig. 3 we show N ph (t) for attractive and repulsive interactions. On the attractive side both approaches predict a saturation of the phonon number in the long time limit, see panels (a) and (b) in Fig. 3 . In the single-excitation expansion (dashed lines), the number of excitations is restricted to one. This limitation of Eq. (8) becomes apparent when comparing it to the coherent state approach (solid lines). We find that already for moderate attractive coupling strength the number of phonons exceeds one. Hence, due to the restriction in the number of excitations for the ansatz (8), both approaches agree only in the initial short time evolution.
On the repulsive side the coherent state approach predicts oscillations of the number of phonons in the long time limit, see panel (c) in Fig. 3 . These oscillations appear due to the competition between the many-body polaron branch and the few-body bound states in real time. In contrast, in the singleexcitation expansion these oscillations decay gradually and in the long time limit, the number of excitations saturates at one, reflecting the formation of a single molecular state.
We note that similar to the time-dependent coherent state approach presented in this letter, a self-consistent T-matrix approach [57] also accounts for an infinite number of bosonic excitations. Using this diagrammatic approach it had been found that the inclusion of multiple boson excitations has a profound influence on the spectrum. However multiphonon bound states have not been observed in this earlier work. Yet we emphasize that when considering only moderate interaction strengths or short-time evolution, expansions in terms of a few particle excitations such as Eq. (8) remain a viable approach. They correctly describe the weakly attractive and repulsive polaron branches as well as the one-boson bound state present in the spectrum sufficiently far away from the Feshbach resonance.
Summary and Outlook.-In summary, we analyzed the dynamics and absorption spectra of an impurity immersed in a BEC. We demonstrated both the disappearance of the sharp quasiparticle spectral feature at strong coupling and the presence of a novel type of excitations in which several Bogoliubov quasiparticles are bound to the impurity particle. Our analysis highlights the importance of quasiparticle scattering processes that are not present in the commonly used Fröhlich model. They result in strong short distance correlations that give rise to Efimov type physics of multi-particle bound states and play a crucial role in suppressing the quasiparticle spectral weight close to the Feshbach resonance. Our work opens new directions for studying non-perturbative phenomena in Bose polarons at strong coupling. We expect that new insight into such systems can be gained by extending our analysis to more sophisticated approaches such as Gaussian variational wave functions [53] and Renormalization Group analysis [48] . Our method can also be extended to problems beyond linear response such as Rabi oscillations of strongly driven Bose impurities [31, 74] .
Acknowledgment. -We thank Dima Abanin, Gregory Astrakharchik, Immanuel Bloch, Ignacio Cirac, Thierry Giamarchi, Christoph Gohle, Deborah Jin, Marton Kanasz-Nagy, Dries Sels, Tao Shi, Lars Wacker, and Martin Zwierlein for inspiring discussions. . The parameters of the contact interaction (bare interaction) are given by the coefficient g Λ for the interaction between the host particles and the impurity and g BB for the interaction among the host particles. We allow for the general case of a mass imbalanced system where the mass of the bosonic field m B and the mass of the impurity m I are not fixed to be equal.
We account for the macroscopic occupation of the k = 0 mode within the Bogoliubov approximation [75] . Following the corresponding truncation of the Hamiltonian on the quadratic level in the bosonic creation and annihilation operators we diagonalize the purely bosonic part of the Hamiltonian by a unitary Bogoliubov rotation
Here the coefficients are given by u
This transformation introduces the Bogoli-ubov quasiparticles with dispersion relation ω k which are created by the operators b † k . Reexpressing the resulting Hamiltonian in explicit impurity coordinates yields the Hamiltonian (1) in the main text.
In order to take advantage of momentum conservation we perform a canonical transformation to the so-called polaron frame usingŜ = e iRP B whereP B = k kb † kb k is the total momentum operator of the bosons. The operatorŜ transforms the momentum of the impurity and bosonic operators in the following wayŜ
Applying this transformation to the Hamiltonian (1),Ĥ = S −1ĤŜ , we obtain
SinceP now commutes with the Hamiltonian, the Hilbert space of the HamiltonianĤ (12) becomes a direct product of the sub-spaces characterized by the total momentum of the system.
II. DERIVATION OF THE SADDLE POINT SOLUTION
In this section we derive the saddle point solution of the equations of motions of the parameters in Eq. (5). We set the left hand side of the first equation to zero and obtain the following equation which defines the saddle point
Here
, and P denotes the total system momentum. The real and imaginary parts of the coherent amplitudes β k can be expressed as
The first equation allows for an analytical solution which is found by a multiplication with W k , a summation over all modes and expressing the problem in terms of the averaged quantity χ = k W k Reβ k . After some algebra one obtains
The microscopic interaction strength g Λ is related to the impurity-boson scattering length a IB by the zero-momentum limit of the Lippmann-Schwinger equation which yields
where Λ denotes a high-momentum cutoff which can be taken to infinity. Upon insertion into Eq. (15) one obtains
where we defined a −1
The second equation has the trivial solution Imβ k = 0.
After the coherent amplitudes are expressed in terms of the inverse scattering length, a self-consistent procedure for the determination of a −1 + and the total momentum of the phonons can be set up. To this end we substitute the Eq. (17) into the total momentum of the phonons, P B = k k |β k | 2 , and obtain the expression
The self-consistent solution of Eqs. (18) and (19) allows to find the saddle point for given initial conditions, a IB and P. Finally, the energy is obtained as expectation value of the Hamiltonian (1) in this state. After some algebra one obtains the expression for energy
III. DERIVATION OF THE ENERGY OF THE BOUND STATES
In this section we provide the derivation of the bound state energy. We propose the wave-function which accounts for a single Bogoliubov excitation above the polaron state Ψ pol
The polaron state in the Lee-Low-Pines frame, i.e. after the transformation withŜ , can be represented as a displacement operatorÛ † pol β k = exp k β kb † k − h.c. acting on the vacuum state, Ψ pol =Û † pol β pol k |0 . Here the β pol k are defined by Eq. (17) in the previous section of the SM. After some algebra we can rewrite the state |Ψ (t) in the form where γ 0 (t) = k γ k (t)β pol k . We calculate the Lagrangian of the system with respect to this state, L = Ψ (t)| i∂ t −Ĥ |Ψ (t) , and obtain the equations of motion for the parameters of the wave-function (20)
The first equation can be solved trivially assuming γ 0 (t) = 0. This solution implies that the bound state solution is orthogonal to the polaron state. We are searching for a solution of these equations of motion such that the parameters γ k (t) of the wave-function are time evolving with frequency ω, γ k ∝ e −iωt . To this end we transform the second line of Eq. (22) to the frequency domain and find
Multiplying by W k or W −1 k and summing over over the momentum we obtain the following matrix equation,
This equation has a nontrivial solution if and only if the determinant of the matrix is equal to zero. Neglecting terms that are vanishing in the limit Λ → ∞, ∼ Λ −2 , we obtain the following equation for the eigenenergy ω of the bound state
Using Eq. (2) we recast Eq. (25) in the form of Eq. (7) in the main text. This simple analysis agrees with the features below the polaron branch in the absorption spectrum as shown in Fig. 1 .
IV. COMPARISON WITH OTHER APPROACHES
In this section we compare the results for the spectral function A(ω) of the Bose polaron in the vicinity of a Feshbach resonance, as described by the model (1), using different theoretical approaches. While in Fig. 4(a) we show A(ω) as obtained from a single-particle expansion using the time-dependent variational state Eq. (8), Fig. 4(b) shows the result using a selfconsistent field-theoretical T-matrix approach [57] . Finally the results are compared with Fig. 4(c) which shows the result from the time-dependent coherent state approach as described by Eq. (3). All results are obtained for a BB = 0 and a cutoff scale n −1/3 Λ = 20. We note that the result shown in Fig. 4 (a) has been obtained previously in Ref. [57] using a non-selfconsistent T-matrix (NSCT) approach which is equivalent to the time-dependent single particle excitation ansatz Eq. (8) when a BB = 0.
The main features in the NSCT/single particle excitation approach are the coherent polaron excitations at negative and positive energies. In this approach the attractive polaron peak exists at arbitrary interaction strength, and the excitation follows the mean-field prediction E MF = − 2π µ red na IB (green line) in the limit of small dimensionless interaction parameter n 1/3 |a IB | 1. As the Feshbach resonance is crossed to positive 1/(n 1/3 a IB ) the attractive polaron peak looses weight. However, in contrast to the coherent state approach [cf. Fig. 4(c) ], neither the destruction of the polaron quasiparticle at resonance is captured, nor the formation of the series of bound states for increasing 1/(n 1/3 a IB ). At positive scattering length a IB the repulsive polaron excitation at positive energies is recovered. It follows the saddle point pre-diction only for very weak effective impurity bath interactions.
Away from the coherent excitations, the NSCT/singleparticle excitation approach predicts a spectral gap between the attractive polaron and zero energy, cf. Fig. 4(a) . This gap is, however, an artifact of the approximation. For instance, in a self-consistent T-matrix (SCT) approach, shown in Fig. 4(b) , such a gap is absent. In this approach an infinite number of particle excitations is taken into account at the basis of a selfconsistent calculation of the in-medium T-matrix and impurity self-energy (the computational details are described in [57] ). The, compared to the NSCT approach, increased number of bosonic excitations leads to an additional renormalization of the spectrum. As one consequence the spectral gap, visible in the NSCT approach, is absent and furthermore the repulsive polaron looses additional spectral weight as the Feshbach resonance is approached from the side of negative scattering length. This loss of spectral weight is even more pronounced in the coherent state approach, cf. Fig. 4(c) , where multiple boson fluctuations lead to the destruction of the attractive polaron peak.
In contrast to the coherent state approach, the singleparticle excitation and SCT approaches do not describe the formation of the series of bound states. In the case of the single-particle excitation approach this fact is simply explained since only one boson excitation is allowed in the wave function. The SCT approach, which allows in principle more than one bosonic excitation, yet does not reveal higher order bound states. We attribute this fact to the specific momentum structure generated by the SCT approach which only allows for fluctuations in the pairing channel of the interaction vertex. The particular correlations captured by this momentum structure seems to be insufficient for a description of the multiple bound state formation. Finally we note that both the SCT and the coherent state approach show a more pronounced repulsive polaron peak as compared to the single-particle excitation approach which can be tested by radio-frequency spectroscopy of impurities immersed in a BEC of ultracold atoms.
